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ABSTRACT 
Environmental changes are some of the factors that affect fisheries and biological characteristics 
of fishes.  The African catfish Clarias gariepinus (Burchell, 1822) has biological characteristics 
that enable it to persist under various stressful environmental conditions.  However, few studies 
have examined how the African catfish responds to conditions created by a changing climate.  
The study examined some of the fishery and biological characteristics of African catfish in Lake 
Wamala (Uganda) to provide an understanding of their response to changing climatic conditions 
using data for the period 1950 - 2013. Temperature around the lake increased by 0.02ºC/year 
since 1980, commensurate with the regional trend, while rainfall was above average since 1996, 
except in 2004 and 2008.  Lake depth was strongly positively correlated with rainfall (r =0.83, 
n= 6, p<0.05) up to 2000, after which, lake depth decreased amidst increase in rainfall.  The 
contribution of African catfish increased from 20% to 85% and 17% to 78% respectively to 
commercial and experimental catches respectively between 1975 and 2013 despite the decrease 
in lake depth. The modal total length, condition factor, food, and fecundity did not change. Only 
size at first maturity decreased from 37.5 to 30 cm TL in females and 39.5 to 34.2 cm TL in 
males between 1999/2000 and 2012/2013.   The biological characteristics of the African catfish 
were comparable with those of the same species in other lakes and remained relatively stable.  
The results suggested that the African catfish has the capacity to persist and/or adjust 
appropriately under conditions created by climate variability and change, and if properly 
managed, can sustain the fisheries of Lake Wamala.   
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CHAPTER ONE 
1.0  INTRODUCTION 
1.1  Background 
The African catfish Clarias gariepinus (Burchell, 1822) has a pan-African distribution and is an 
important fish species in both aquaculture and capture fisheries (FAO 2008; Ponzoni and 
Nguyen 2008).  The African catfish is found in most water bodies, ranging from swamps, 
temporary pools, rivers and lakes (Greenwood 1966; Mwebaza-Ndawula 1984; Yalcin et al. 
2002; Akinsanya and Otubanjo 2006).  The wide distribution of African catfish is attributed to its 
capacity to: utilize atmospheric oxygen and hence survive in habitats with low dissolved oxygen, 
burrow into mud and survive extended periods of desiccation (Greenwood 1966; Clay 1979; 
Witte and van Densen 1995; Skelton 2001), utilize a wide range of food materials (Greenwood 
1966); and synchronizes its breeding with rainfall (Merron 1993).  These biological attributes 
enable the African catfish to have more resilience, compared to other fish species in conditions 
of low dissolved oxygen, changing prey base, habitat loss and fluctuations in precipitation, 
created by stressors such as over exploitation of aquatic resources, pollution, eutrophication and 
habitat degradation.   
  Overfishing, pollution, eutrophication and habitat degradation are the well-known 
threats to production, development and management of inland fisheries (Kolding et al. 2008; 
Hecky et al. 2010; Wilson et al. 2010; Mkumbo and Marshall 2014).  However, recent studies 
(e.g., Rosenzweig et al. 2007; Hecky et al. 2010) show that climate variability and change, which 
intensified since the 1970s (IPCC 2013) is exacerbating the influence of these threats on 
fisheries.   
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  Climate variability and change can act independently or interact with the other 
threats to modify water temperature, rainfall, population and biological characteristics of fishes 
and fish yield (Barange and Perry 2009).  For instance, climate variability and change has been 
linked with changes in fish species composition and yield in lakes Chilwa, Tanganyika and 
Kariba (Furse et al. 1979; O’Reilly et al. 2003; Ndebere-Murisa et al. 2011).  Climate variability 
and change will shift fisheries to smaller, faster growing and opportunistic species that can 
utilize the conditions created by climate change (FAO 2010; Jeppesen et al. 2010).  This is 
beginning to manifest.  In the North Sea, warming has been associated to reduced mean age at 
which 50% of the population of haddock Melanogrammus aeglefinus (Linnaeus, 1758) mature, 
resulting into majority of the fish maturing early with a smaller maximum size (Baudron et al. 
2011).  Owing to climate change, Daufresne et al. (2009) showed reduced mean body size, 
increased species richness and abundance of small fish species in large French rivers and reduced 
mean body size and size at age for herring and sprat population in the Baltic Sea.  In Uganda, 
stocks of small pelagic clupeids such as Rastrineobola argentae (Pellegrin, 1904) in Lake 
Victoria (Taabu-Munyaho et al. 2014), Mesobola bredoi (Poll, 1945) and Brycinus nurse 
(Rupell, 1832) in Lake Albert (MAAIF 2012) have increased to contribute over 80% of the total 
catches. It is therefore hypothesized that organisms that can persist or adjust their population and 
biological characteristics to utilize prevailing conditions will survive under the changing climate.  
The African catfish from Lake Wamala (Uganda) is therefore used to explore evidence in 
relation to this hypothesis.   
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1.2  Lake Wamala and the changes in its resources and the environment 
The fishery of Lake Wamala originally consisted of African catfish, Lungfish Protopterus 
aethiopicus (Heckel, 1851) and Haplochromines (Okaronon 1987).  The lake was stocked in 
1956 with three tilapia species, namely, Nile tilapia Oreochromis niloticus (Linnaeus, 1758), 
Oreochromis leucostictus (Trewavas, 1933) and Tilapia zillii (Gervais, 1848) to improve fish 
production (Okaronon 1987; 1995).  Following the introductions, the fishery became dominated 
by Nile tilapia until 2000, after which it declined, contributing <1% in commercial catches by 
2013 (Natugonza et al. in press).  This was attributed to increase in temperature, declining lake 
water levels, and persistent increase in the number of fishers that fluctuated between 250 in the 
1960s, < 150 in the 1980s and >500 in the 2000s (Natugonza et al. in press).  The African catfish 
probably dominated the fishery after 2000, due to its capacity to grow fast under increasing 
temperatures (Safriel and Bruton 1984) and/or ability to efficiently utilize adjacent wetlands 
created by declining lake water levels.  
Lake Wamala has through decades experienced changes in water levels associated with 
climate variability and change, and is one of designated environmental change hotspot in Africa 
(UNEP 2009).  The highest recorded surface area of Lake Wamala is 250 km2 and the maximum 
mean depth is 4.5 m (Goulden 2006).  During the period 1984-1995, the surface area of the lake 
reduced by half, and depth by three quarters due to persistent drought (UNEP 2009).  By 1999, 
the lake had regained its surface area and mean depth following El-Niño rains of 1997 (UNEP 
2009).  However, by 2011, three formerly submerged water gauges were seen on dry land, 
suggesting that the surface area and mean depth of the lake had continuously declined in the 
previous decade.  This reduction in lake surface area is unexpected, because rainfall, the major 
water input in East African lakes (Bootsma and Hecky 2003) has significantly increased since 
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1950 around the lake (Uganda National Meteorological Authority, unpublished data).  
.Additionally, there is no abstraction of water from Lake Wamala for large scale uses, such as 
hydro-electricity power generation and irrigation. The persistent increase in temperature in the 
region (Cafrey et al. 2013) could have possibly pushed evaporation to levels incommensurate 
with water gain from rainfall. Therefore, it is anticipated that periods of low rainfall around Lake 
Wamala will be accompanied by a further decrease in lake surface area and mean depth. The 
overarching question here is that; can the African catfish which is known to thrive under other 
stressful environmental conditions than most other fish also persist under these changing climatic 
conditions?  This study therefore examine the catch composition, population structure, length at 
50% maturity, condition factor, fecundity, size of oocytes, and food and compare them with the 
changes in temperature, rainfall and lake depth. The aim is to understand whether the African 
catfish can also thrive under the conditions created by climate variability and change. This 
information will be a baseline for future monitoring of impacts of climate change on fish stocks, 
and also, in formulation of strategic management plans to adapt to climate variability and 
change. 
 
1.3  Statement of the problem 
Fisheries in Uganda are under stress from exploitation, pollution, invasive species, parasites and 
diseases, habitat degradation and the increasing variability and change in climate.  Management 
of fisheries has concentrated on addressing the other threats but not climate variability and 
change.  Climate change intensified since 1970 (IPCC 2007) and influences temperature, 
evaporation, precipitation, thereby affecting water balance, riparian and aquatic ecosystems and 
productivity, life history of fishes, fishery yields and consequently livelihoods (IPCC 2007).  
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Previous studies have shown that climate variability and change contributes to changes in 
populations and biological characteristics of fishes (O’Reilly 2003; Allison et al. 2007; Jepssen 
et al. 2010; Ndebele Murisa et al. 2011).  It is the species that can persist, adjust or adapt to the 
changed conditions that are expected to survive under a changing climate.  Studies have been 
conducted on the population and biological characteristics of fishes but their responses to the 
influence of climate variability and change has not been examined.   Factors that have 
contributed to survival of the African catfish at the expense of other species have also not been 
adequately examined in light of the predicted impacts of increasing climate variability and 
change.  This information is required to determine the future of the fisheries and to guide 
management measures under increasing environmental influence such as that associated with 
increasingly changing climate. 
 
1.4  Objectives of the study 
1.4.1  Overall objective 
The overall objective of this study was to examine the changes in catches and some biological 
aspects of the African catfish under changing environmental conditions, including climate 
change. 
 
1.4.2  Specific objectives 
1) To examine temporal changes in temperature, rainfall and water levels around Lake Wamala; 
2) To determine the temporal changes in the catches, and biological characteristics of the 
African catfish and how these relate to the changes in climate and hydrological parameters. 
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1.5  Research questions 
1 Have temperatures, rainfall and water levels changed significantly around Lake Wamala 
over time? 
2 Have the catches and biological characteristic of the African catfish changed over time  
3 How do the changes in catches and biological characteristic of the African catfish relate to 
changes in temperatures, rainfall and water levels? 
 
1.6  Justification 
The African catfish is one of the most important fish species in aquaculture and commercial 
fisheries in Uganda (NFP 2004; FAO 2008; Ponzoni and Nguyen 2008).  However, increasing 
variability and change in climate is expected to affect rainfall and water availability in many 
parts of the world including Uganda (IPCC 2014). The study forms part of a larger project on the 
implications of climate variability and change on riparian and aquatic ecosystems, fisheries and 
livelihoods and specifically examines whether the changes in environmental conditions 
associated with changes in climate factors may have affected the fishery of the African catfish.  
Information from this study will be used as a baseline for monitoring of impacts of climate 
change on fish stocks. This information will also contribute to national, regional and 
international policies on climate change by defining measures for sustainable management of 
fisheries and guiding adaptation strategies as climate change intensifies.  
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CHAPTER TWO 
2.0  LITERATURE REVIEW 
2.1  Impacts and manifestation of climate change 
Climate is the average weather condition of a given region over a long period of at least 30 years 
(IPCC 2007).  Climate change involves a shift from the normal in these parameters due to natural 
or human factors.  It is manifested in the form of rising temperature, increased evaporation, 
fluctuations in rainfall, floods, drought, intense winds, storms and hurricanes; and re-
configuration of ecosystems and organisms including shifts in productivity and biological 
characteristics of organisms (IPCC 2007).  The last 20 years were the warmest in the 20th century 
(IPCC 2007).  In Uganda, temperatures increased by about 1°C with the onsets of long rains 
becoming more variable and less predictable over the last 50 years (Mubiru et al. 2009) and the 
frequency of droughts as well as flood increasing (GoU 2007).  
 
Climate variability and change is one of the major environmental challenges of the 21st century 
(IPCC 2014).  Climate related studies in African lakes have already shown detectable warming 
in Tanganyika (Verburg et al. 2003), Victoria (Hecky et al. 2010, Sitoki et al. 2010; Marshall et 
al. 2013), Albert (Lehman et al. 1998), Malawi (Vollmer et al. 2005), Kivu (Lorke et al., 2004) 
and Kariba (Mahere 2012).  However, most of these studies have concentrated on physical and 
chemical conditions such as stratification, circulation dynamics, loading and recycling of 
nutrients and dissolved oxygen and less on fishes.  Climate factors such as temperature, rainfall, 
wind velocity, wave action and water level can bring about ecological and biological changes to 
freshwater ecosystems (Badjeck et al. 2009).  Such changes can influence the aquatic habitat, 
productivity processes, population and biological characteristics of fishes including physiology, 
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population structure, phenology, regime shift, condition factor, fecundity, egg size, size at 
maturity, and food and feeding habits of fishes (Barange and Perry, 2009). 
 
Some studies on African lakes have linked changes in fisheries productivity processes and 
fisheries to changes in climate.  In Lake Tanganyika, climate change decreased algal productivity 
by 20% and fisheries yield by 30% (O’Reilly et al. 2003) although Sarvala et al. (2006) argues 
that this could have been overstated, as most of the changes in fish stocks were related to fishery 
practices.  In Lake Chilwa, fluctuations in water levels were strongly related to fishery yield 
(Allison et al. 2007).  In Lake Chad, a drought between 1971 and 1977 was followed by a 
decline in the number of fish species from 40 to 15 (Leveque 1995).  In Lake Kariba, the mean 
weight of Kapenta declined over the last half of the 20th century with increase in average water 
temperature (Ndebele-Murisa et al. 2011) although overfishing was thought to have played a role 
(Marshall 2012).  
 
Life-history traits of fishes can differ markedly between populations and this can be associated 
with influences or interactions between environmental and ecosystem factors such as 
temperature, food availability and mortality rates, pollution and exploitation pressure (Gust et al. 
2001; Robertson et al. 2005; Ruttenberg et al. 2005).  Variations in maximum size and age 
within species have been correlated with temperature (Robertson et al. 2005; Ruttenberg et al. 
2005).  However, the average age or size at first maturity of fishes is often correlated with 
maximum age or size (Beverton 1992).  It is therefore expected that size or age at maturation will 
decrease when life history characteristics shift towards smaller size and young average age as 
stressors such temperatures increase (Beverton 1992). 
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Increasing temperatures can lead to increase in the metabolic demands of fish and possibly food 
supplies leading to faster growth and improved recruitment success for tropical fish populations 
(Cochrane et al. 2009).  When food is either insufficient or of poor quality both growth rates and 
recruitment will be affected.  For instance, studies in freshwater systems showed that Rainbow 
trout (Oncorhynchus mykiss), Whitefish (Coregonus commersoni), and Perch (Perca spp) 
increased their growth rates with temperatures and adequate food supply (Ficke et al. 2007). 
 
Climate factors modify ecosystem and biological cycles of fish which are adapted to certain 
hydrological conditions especially seasonal patterns such as in riverine species. Rising 
temperatures have both direct and indirect effects on fish production, where, the spatial 
distribution of fish stocks might change due to the migration of fishes from one region to another 
in search of favorable conditions (Mohanty et al. 2010).  For instance, increased discharge rates 
associated with prolonged floods have boosted fish yield in Mekong River (Barange and Perry 
2009).  Climate change is therefore expected to shift fish species to those that are tolerant of the 
changed conditions.  Fishes such in families Clariidae (e.g. African catfish), and Lepidosirenidae 
(e.g. African lungfish) which are tolerant to low oxygen conditions and can feed on a variety of 
food items are expected to persist as oxygen deficiency and food availability in aquatic systems 
changes with temperature while less adapted species may disappear. 
2.2  Distribution and environmental tolerance of the African catfish 
The African catfish is a tropical fish occurring in fresh water habitats (Greenwood 1966; 
Mwebaza-Ndawula 1984; Skelton 2001; Yalcin et al. 2002; Akinsanya and Otubanjo, 2006; 
Anyanwu et al. 2007) and is widely distributed in Africa from the Nile and Niger River system to 
southern Africa in the Orange-Vaal, Okavango and Cunene River systems, and East African rift 
valley lakes (Jubb, 1967; De Moor and Bruton 1988; Picker and Griffiths 2011).  In Uganda, it is 
found in major lakes (Victoria, Albert, Kyoga, Edward and George), satellite lakes (Nabugabo 
and Wamala), Kyoga minor lakes (Bisina, Opeta, Nakuwa, Agu, Nawampasa, Kawi, and Meito) 
and Koki lakes (Kachera, Nakavali, Kimira and Kijanebalola), rivers and wetlands (Greenwood 
1966; NaFIRRI unpublished reports). 
 
The African catfish possesses physiological adaptations which enables it to tolerate extreme 
environmental conditions (Claridge et al. 1986).  It inhabits swampy vegetated areas of lakes, 
rivers and wetlands some of which are prone to drying up during periods of droughts.  It survives 
dry conditions by burrowing into the mud and enveloping into a cocoon much like the marbled 
lung fish (Smith 1931; Greenwood 1986) which enables it to survive temporary, and sometimes 
extended period of desiccation (Smith 1931; Johnels and Svensson 1954; Curry-Lindahl 1956; 
Greenwood 1966; Bruton 1979; Clay 1979; Greenwood 1986; Witte and Van Densen 1995; 
Skelton 2001). 
 
The African catfish can survive in low oxygen concentrations and in water of extreme 
temperature of 8 - 35°C (Britz and Hecht 1987), salinity levels between 0 and 10% as well as a 
wide range of pH (Safriel and Bruton 1984).  It has been found at depths between 4 and 80 m in 
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Lake Victoria (Kudhongania and Cordone 1974).  It is able to burrow in river bed at low water 
levels (Smith 1931).  It can stay in muddy ground of ponds gulping air directly using accessory 
breathing organ instead of gills (Safriel and Bruton 1984; Van der Waal 1998; Skelton 2001).  Its 
growth rate increases with increasing temperatures which offers it a competitive advantage over 
other fishes under the condition such as those created by global warming (Teugels 1986; Skelton 
2001; Offem et al. 2010). 
 
2.3  Changes in catches and biological characteristics of the African catfish 
2.3.1  Catches  
The African catfish has sustained contribution to fishery yield in most aquatic systems in Uganda 
although this has varied in time and space (Table 2-1).  Stocks of the African catfish in Lake 
Victoria decreased dramatically since 1980s after the establishment of the Nile perch Lates 
niloticus (Linnaeus, 1758), and subsequent changes in the lakes ecosystem, habitat preference, 
competition, predation and habitat shift (Goudswaard and Witte, 1997) but the survey of the lake 
after 2005 showed that the species still persisted in the lake.  The African catfish contributed up 
to about 14% of the commercial catches in Lake George in 2000 and up to 4.8% in Lake Edward 
(Greenwood 1966; Gwahaba 1973; NaFIRRI unpublished data) and by 2011 it had increased to 
over 15.2% in both lakes.  In Lake Albert, it contributed between 0.4 and 4% during the period 
1950 and 1990 (Cadwalladr and Stoneman 1966; IFIP 1990; NaFIRRI unpublished report).  In 
Lake Kyoga, it’s contribution was estimated at 0.1% between 1986 and 1988 (Marriotl et al. 
1988) but increased to about 0.4% to the commercial catches by 2006 (NaFIRRI unpublished 
data).  Among the Kyoga minor lakes its contribution has been estimated at 0.6% in Kwania, 
18.1% in Bisina, 0.9% in Nakuwa and 65.6% in Kimira (NaFIRRI unpublished data). 
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Lake Wamala originally was stocked with three tilapia species Oreochromis niloticus, O. 
leucostictus and Tilapia zillii in 1956 to improve fish production (Okaronon 1995).  Annual 
fishery yield from the lake increased from 1000 in 1960 to a peak of 7100 tons towards the end 
of 1960s following establishment of the introduced tilapia which contributed up to 75% of the 
total catches but it decreased to 6300 tons in 1975 (Okaronon 1989;1995; FIRRI 2003).  
However, after 2000 the stocks of the African catfish and lungfish increased to dominate fish 
production (NaFIRRI unpublished data).  The decline in fisheries yield in Lake Wamala was 
initially attributed to exploitation (Okaronon 1989; 1995) associated with an increase in the 
number of boats from <250 by 1960 to 1000 by 1967 (UFD 1967; Ssentongo and Okorie 1971; 
Okaronon 1995).  During the same period, the catch per unit effort (CPUE) increased up to 8 fish 
per net (Goulden 2006).  Since then, the yield and CPUE have been decreasing while the 
contribution of the African catfish to the catches has been increasing. During the period between 
1980 and 1987, there was virtually no fishing due to a civil war in the Lake Wamala region and 
yields were between 300 and 500 tons (Okaronon 1989; 1995; Goulden 2006) but the yield 
continued to decline and the contribution of the African catfish continued to increase suggesting 
that the decline in fishery yield would not be explained sorely by exploitation.  The influence of 
other factors such as the decrease in lake level associated with climate variability and change 
was not adequately considered.  Before the heavy rains of 1961, the open water of Lake Wamala 
covered about 100 km2.  The increased rains expanded the area of the lake to about 180 km2 and 
the wetland area to over 60 km2 (Ssentongo and Okorie 1971).  A decline in rainfall between 
1984 and 1995 was accompanied by shrinkage of the lake to almost half its original size.  The 
area of the lake later increased with increase in rainfall from 900 to 1700 mm between 1999 and 
2008 (Okaronon 1995; UNEP 2009; Kimbowa and Kaganga 2011). 
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  Environmental degradation and the recession of lake levels with consequent 
decline in fish sizes and change in fishery yield has in some cases been related to climate factors 
(Marisa 2005; Kimbowa and Kaganga, 2011).  There was drought  between 1979 and 1978 
which was accompanied by shrinking of the lake to about half its area, a decrease in fishery yield 
to about 500 tons and CPUE to <1 fish per net (Goulden 2006).  The slight increase in fishery 
yield to about 4000 tons and CPUE to 3 fish per net by 2000 (Goulden 2006) coincided with El 
Niño rains of 1997/98 (NaFIRRI unpublished data). 
 
2.3.2  Biological characteristics 
 
2.3.2.1 Population structure 
The size structure of the African catfish varies between habitats under different levels of 
exploitation but appears to remain within a specific range (Table 2-1).  In Lake Victoria, most of 
the fish were originally 80 to 90 cm TL and attained a maximum size of 120 cm TL (Greenwood 
1966).  Trawl survey of 1982-1986 on Lake Victoria recorded fish of 6 to 100 cm TL 
(Goudswaard and Witte 1997) while that recorded during the Implementation of Fisheries 
Management Plan (IFMP) survey in 2005 was 25 to 89 cm TL (NaFIRRI unpublished data).  In 
Lake Kyoga however, the fish grew to a smaller size of 24 to 79 cm TL (Worthington 1929; 
Greenwood 1966).   In Lake George, sizes recorded ranged between 20 and 109 cm TL in 1997, 
30 to 104 cm TL in 2000 and 31 to 75 cm TL in 2012 with a modal class of 45 - 49 cm TL 
(NaFIRRI unpublished data).  In Lake Albert, the catfish ranged between 34 to 58 cm TL with a 
mean length of 28.4 cm TL in 2008 (NaFIRRI unpublished data).  Therefore the size range of the 
African catfish in different habitats with different levels of exploitation and habitat change seems 
to have remained within a size range of 6-120 cm TL.  
 
2.3.2.2 Length at 50% maturity  
The lengths at 50% maturity of the African catfish in different habitats have generally decreased 
but has generally remained between 30 and 50 cm TL (Table 2-1).  In Lake Victoria, Greenwood 
(1966) reported size at 50% maturity at 50 cm TL which later decreased to 40 cm TL (Rinne and 
Wanjala 1983) and during the IFMP survey in 2005 the species was reported to mature at 44 cm 
TL (NaFIRRI unpublished data). In the Sio River ecosystem in the Lake Victorian basin, the 
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African catfish has been reported to mature at 21 cm Standard Length (SL) (Lung’ayia 1990).  
Among the Kyoga lakes sexual maturity was reported to occur between 30 and 40 cm TL 
(Greenwood 1966; NaFIRRI unpublished report). These changes in size at first maturity have 
mainly been attributed to fishing pressure but changes in environmental conditions seem to 
contribute to the changes in size at first maturity of fishes. 
 
2.3.2.3 Sex ratio 
The sex ratio of the African catfish varies among different habitats (Table 2-1).  Information on 
sex ratios is important in determining reproductive potentials and estimating size structure of a 
given stock if management is to rely on this aspect of the reproductive biology. Dominance by 
females has been reported to be advantageous for the stock dynamics especially if the males 
could mate with more than one female during any reproductive season (Nwosu 2013).  In Lake 
Victoria, the ratio of males to females of the species was 2:1 in 2005 (NaFIRRI unpublished 
report).  In lakes Albert, Kyoga and Bisina, there were more females than males in ratios of 1:3, 
1:2.6 and 1: 2 respectively (NaFIRRI unpublished report).  In the Okavango Delta in Botswana, 
Bokhutlo (2011) also reported a dominance by females.  However, there were more males than 
females in the Cross River in Nigeria (Offem et al. 2010).  In Lake Nakuwa in Uganda however, 
the sex ratio was 1:1 (NaFIRRI unpublished data). 
 
2.3.2.4 Reproduction and fecundity 
The African catfish migrates to rivers and temporary streams of water bodies to breed (De Moor 
and Bruton 1988; Greenwood 1966).  The species usually breeds seasonally, with peak spawning 
coinciding with floods (Welcomme 1979).  Merron (1993) reported that spawning in the African 
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catfish was synchronized with rising flood and the beginning of the rainy season. However, in 
Lake Victoria, spawning was reported throughout the year with peaks in June and August -
October (Rinne and Wanjala 1983; Lung’ayia 1990). 
The absolute fecundity of the African catfish varies slightly with size and among 
different habitats (Table 2-1).  In Lake Victoria, fecundity ranged from 5,000 to 192,000 eggs in 
females of 63-77 cm TL (Rinne and Wanjala 1983; Mbabazi et al. 2000).  Average fecundity of 
the African catfish in Lake Sibaya was reported to be approximately 45,000 eggs for a two kg 
female (Bruton 1979).  In the Cross River, Nigeria, fecundity varied from 5,515 to 65,800 while 
mean fecundity ranged from 7511±2923 eggs for females of 14.8 cm and 102.4 g to 39803±9352 
for fish of 45.9 cm and of 625.5g (Offem et al. 2010).   
 
2.3.2.5 Food and feeding 
The African catfish is omnivorous (Greenwood 1966; Ogari 1984; Lowe- McConnell 1987).  
Feeding on small fish, insects, mollusks and plants has also been reported (Corbet 1961; Micha 
1973; Mwebaza-Ndawula 1984).  Juveniles feed mainly on ostracods, aquatic insects and insect 
larvae (Corbet 1961).  Analysis of food of the African catfish in Ugandan major and minor water 
bodies indicated that it feeds on povilla, chironomids, oligocheates, odonata, caridina, mollusks, 
detritus and fish (Table 2-1) (NaFIRRI unpublished data). 
 
2.3.2.6 Length-weight relationship and condition factor 
The length-weight relationships and relative condition factor of the African catfish has not varied 
much in time and space (Table 2-1).  The mean relative condition factors in lakes Victoria, 
Kwania, Bisina and Kimira were 1.08±0.07, 1.00 ±0.1, 0.99 ± 0.01 and 1.01±0.09 respectively 
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(NaFIRRI unpublished data).  In the Epe lagoon, Nigeria, the African catfish showed isometric 
growth and its condition varied between seasons of the year but not between sexes (Fafioye and 
Oluajo 2005).  Similar results were found in the Cross River in Nigeria (Offem et al. 2010). 
Seasonal variations in condition were also recorded in Agbokim Waterfalls, Cross River, 
Nigeria, with populations showing a better condition in the wet season compared to the dry 
periods for both sexes (Ikpi et al. 2012). 
 
Available literature therefore indicates that that the population and biological characteristics of 
the African catfish do not seem to vary much between habitats and in time and space.  It is 
therefore an important candidate for testing resilience of fishes to environmental changes such as 
those that may occur under the influence of the increasing variability and change in climate. 
Table 2- 1: Summary of the contribution of the African catfish to fishery yield and the population and biological 
characteristics of the fish in time and space 
Habitat Time/Period Production, population and aspects of biological characteristic  
Contribution 
(%-weight) 
Population 
structure 
(cm) 
Size at 
50% 
maturity 
Sex 
ratio 
(M:F)
Fecundity 
(range per 
female) 
Food  Condition 
factor 
Source 
Victoria 1960s  80-120 50 2:1  Omnivorous 1.08 Greenwood,1966 
Victoria 1982-1986  6-100       
Victoria 1982   40     Rinne & Wanjala,1983 
River Sio  11.9-101.1  25     Lungayia,1990 
Victoria 2005  25-89 44     IFMP 
Kyoga 1986-1988 0.1 24-79 40 1:1.3    Greenwood 1966; Marriot 
et al.,1988 
Kyoga 2006  11-77    Fish, Povilla  NaFIRRI unpublished 
Kyoga 2008 2.1       MAAIF, 2012; NaFIRRI 
unpublished 
Kwania 2006 0.6 18-73 30    1.00 NaFIRRI unpublished 
Bisina  18.1  30 1:1.2   1.00 NaFIRRI unpublished 
Nakuwa  0.9  30 1:1    NaFIRRI unpublished 
Kimira  65.6      1.01  
George 1997 1.1 20-109    Fish  Greenwood, 1966,73, 
Gwahaba, 1975; NaFIRRI  
George 2000 14.3 30-104       
George 2011 15.2       MAAIF, 2012; 
Albert 1950-1990 0.4-4.3 34-58  1:1.3     
Albert 2008  34-58  1:1.3     
Victoria      5,000-
192,000 
  Rinne & Wanjala, 1983; 
Mbabazi et al. 2000 
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Habitat Time/Period Production, population and aspects of biological characteristic  
Contribution 
(%-weight) 
Population 
structure 
(cm) 
Size at 
50% 
maturity 
Sex 
ratio 
(M:F)
Fecundity 
(range per 
female) 
Food  Condition 
factor 
Source 
Shibaya 
(South 
Africa) 
     45,000   Bruton (1979b) 
Cross 
River 
Nigeria 
     5,500-
65,000 
   
Edward 1990 3       IFIP, 1990 
Edward 2004 4.8   3:1  Insects, 
Mollusks 
 NaFIRRI unpublished 
Edward 2011 4.4       MAAIF,2012;  
NaFIRRI unpublished 
CHAPTER THREE  
3.0 MATERIALS AND METHODS 
3.1  Study area 
The study was carried out on Lake Wamala in the Lake Victoria Basin (Figure 3-1). Lake 
Wamala lies between 0º19’42” N and 31º50’26” E at an altitude of 1,000 m.  Lake Wamala is 
fringed with Papyrus (Cyperus papyrus L.), Ambatch trees (Aeschynomene elaphroxylon) and 
Hippo grass (Vossia caspidata Roxb).  It is fed by several small rivers including Nyanzi, 
Kabasuma, Mpamujugu and Bimbya and drained by River Kibimba westwards via River 
Katonga into Lake Victoria.  The lake had an area of about 100 km2 before the heavy rains of 
1961 which expanded it to about 250 km2 and increased the wetland cover to over 60 km2 (GoU 
1967) and the depth of the lake to a maximum depth of 4.5 m.  The lake area shrunk between 
1984 and 1995 to almost half its original size and recovered between 1999 and 2008 despite the 
fact that there is no abstraction of water for irrigation or hydro-power generation. This implies 
the fluctuations in surface area and lake depth are due to variation in weather pattern, which 
makes it a suitable site to study the response of African catfish to these changes.  
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Figure 3- 1: Location of Lake Wamala and the sampling stations (numbered 1-5) with an inset 
location map of Uganda 
 
3.2  Study design 
The study design involved examining: (i) Decadal variations in temperature regimes between 
1950 and 2013, and changes in air temperatures especially after 1980; (ii) Changes in rainfall and 
lake levels between 1960 and 2012.  Since most of the water input into East African great lakes 
is gained through direct rainfall (Bootsma and Hecky 2003), it is anticipated for lake water levels 
to remain high if rainfall fluctuates within the normal pattern, and as long as no abstraction of 
water for large scale uses is made. This was tested by calculating water balance for a period 
 22 
 
2011-2013 to account for the relationship between rainfall and lake depth, from which, the 
persistence of the African catfish would be judged.  Temperature was included to explain any 
deviation from the expected relationship of rainfall and lake water levels.  Once this relationship 
was established, the relative abundance of African catfish in commercial and experimental 
catches was compared with lake depth in the subsequent analyses depending on the availability 
of time series data.  
Changes in the contribution of the African catfish to commercial and experimental 
catches between 1970 and 2013 with changes in rainfall and lake levels 
Population structure, size at first maturity, length weight relationship, and relative 
condition factor were compared for periods1999/2000 (when lake depth was high, >4 m) and 
2012/2013 (when lake depth was low, <4 m).  Due to lack of historical data on fecundity, the 
number and diameter of eggs of African catfish were only examined for the period 2012-2013 
and compared with those in literature (Greenwood 1966; Rinne and Wanjala 1983) to test if the 
number of eggs was higher and the size smaller as expected under increased temperature (Portner 
et al. 2001; Donelson et al. 2010). Food was also examined only for different seasons during 
2012-2013 to determine whether seasonal changes influence the abundance of prey items 
available for the fish.  The seasons were defined as short dry (December-February), long wet 
(March-May), long dry (June-August) and short wet (September-November) based on the 
classification in Komutunga and Musiitwa (2001) for Uganda. 
Current data was obtained through sampling of three stations covering; inshore areas, the 
open water (offshore areas) and river mouths quarterly.  The inshore areas were considered to be 
more prone in case the lake recedes.  The river mouths were chosen due to the possibility of 
being prone to seasonality and as important habitats for the African catfish while the open waters 
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represented areas away from both the inshore and river mouth stations.  The inshore station was 
fringed by papyrus vegetation and was located at an accessible station near Mityana; b) The river 
mouth stations were located at the mouth of River Nyanzi and was fringed with papyrus and the 
mouth of river Mpamujugu which drained the lake fringed by both papyrus and Hippo grass and; 
and the Open water station was away from the above stations but was frequently invaded by suds 
(floating islands). 
 
3.3  Data acquisition and collection 
3.3.1  Air temperature, rainfall, lake depth and water levels 
Monthly temperature and rainfall data for the period 1950-2012 were acquired from the Uganda 
National Meteorological Authority (UNMA), Ministry of Water and Environment (MWE).  Data 
on monthly water inflows and outflows, 2011-2013 were acquired from the Directorate of Water 
Resources Management (DWRM) while data on lake depth 1970-2014 were obtained from the 
National Fisheries Resources Research Institute (NaFIRRI).  Satellite images from UNEP (2009) 
provided an impression of changes in area of the lake. 
 
3.3.2  Historical data on fish catches and field sampling for current data 
Historical data on fish catches, population and biological characteristics were obtained from 
NaFIRRI archives, commercial catches and experimental fishing.  One frame survey and two 
Catch Assessment Surveys were conducted between March and July 2012 to assess the status of 
the fishery.  Experimental fishing was done using three fleets of assorted multifilament gillnets 
(90 m long and 26 meshes deep) of mesh sizes ranging from 25.4–152.4 mm in increments of 
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12.7 mm.  The nets were set in the evening, (1700-1800) hours and retrieved at dawn (0600-
0700) hours.  The first fleet was set parallel to the fringing vegetation within 10 m from the 
shoreline, the second fleet after 50 m and the last fleet after 150 m from the shoreline for the 
three stations, Katiko, Nyanzi and Mpamujugu, while in the open water station, the nets were set 
at least 1.5 km from the shoreline in series or parallel in order to cover adequate and 
representative stations of the lake..  Additional specimens of the African catfish were obtained 
from commercial fishermen who used gillnets of mesh sizes ranging between 4 and 4.5 inches 
and hooks of sizes No.7 to 10.  However, these specimens from commercial fishers were not 
used in determining the population structure due to the size selectivity of fishers. 
 
Biometric data (total length and weight of individual fish) to the nearest 1.0 cm and 1.0 g were 
taken using a measuring board and digital weighing scale, respectively and recorded in a 
biometric data sheet (Appendix 1).  Sexes were determined and maturity stages ranging from I to 
VI for males and I to VII for females were assigned (Table 3-1) according to (Witte and van 
Densen, 1995).  Stages I, II, III were considered immature while stages IV and above were 
considered mature for purposes of calculating length at 50% maturity. 
Table 3 - 1: Description of maturity stages of male and female African catfish in fresh 
individuals (Adapted from Witte and van Densen 1995) 
Male Female 
I: Immature: Testes appear as a pair of thin 
transparent strands running longitudinally along 
the dorsal wall of the body cavity; sexes 
indistinguishable macroscopically. 
I: Immature: Appearance like testes; sexes 
indistinguishable macroscopically. 
II: Early development: Testes transparent 
greyish- white, occasionally pinkish; narrow and 
flattened. 
II: Resting: Ovary greyish-white, or white or 
pink, transparent, smooth and cylindrical, circular 
in transverse section; eggs not visible 
macroscopically; only slightly vascularized. 
III: Late development: Testes semi-transparent, 
greyish-white or pinkish, often well vascularized 
more or less flattened in transverse section; no 
milt. 
III: Early maturity: Ovary pinkish or reddish, 
semi-transparent; pear shaped in section; eggs not 
visible macroscopically; tissue well vascularized. 
IV: Mature/Resting: Testes opaque, whitish or 
pinkish; often vascularized; firm; triangular in 
section; slight milt shows from lumen when cut. 
IV: Late maturing: Ovary pinkish or reddish with 
small opaque yolky ova, clearly visible; pear 
shaped in section. 
V: Mature/Ripe: Testes opaque, ivory white or 
pinkish; soft triangular in section; lying in the 
longitudinal groove in ventral surface; copious 
milt when cut. 
V: Ripe: Ovary yellowish buff, opaque due to 
presence of large yolky ova clearly visible through 
superficial membrane; pear shaped on section; 
large blood vessels on surface. 
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VI: Ripe/Running: Similar in appearance to stage 
V but milt run freely from vent when slight 
external pressure is applied. 
VI: Running: Ova yellowish brown, oil globule 
present; slight external pressure causes ripe ova to 
be extruded from the vent. 
 VII: Spent: Ovaries loose and flabby containing 
torn follicular tissue rich in blood with few 
residual stage V ova. 
 
3.4  Laboratory examination of gonads and stomachs 
In the laboratory, the gonads were soaked in water for about one hour to remove excess formalin 
and blotted dry to remove moisture and the weight of each ovary taken.  A sub-sample of about 
0.5 g was obtained from the left and right ovaries and the number of eggs counted and recorded 
(Appendix 2).  The total number of eggs for each fish was obtained through back calculation 
from the sub-sample and total weight of the ovaries.  Egg diameter was determined using a Wild 
Heerbrugg M3B stereomicroscope Type S at 10x/21 eyepiece with a working distance of 100 
mm and amplification of 6.4 x / 25x /40x.  After the calibration, 12 divisions on the stage 
micrometer was equivalent to 1 mm egg diameter. 
 
The guts were split open, contents emptied into a petri dish and examined under binocular and 
compound microscopes.  The items ingested were identified according to Mellanby (1963) and 
recorded (Appendix 3).  Points were allocated to different degrees of stomach fullness to give the 
stomach fullness index of 2, 4, 8 and 16 according to Hynes (1950). Percentage contribution of 
each food item was estimated through visual judgment from which its relative importance was 
calculated. 
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3.5  Data processing and analysis 
3.5.1  Temperature, rainfall and water levels 
Temperature data were structured into observed regimes and the changes in mean temperature 
among the observed regimes compared using Analysis of Covariance (ANCOVA).  Where the 
slopes and intercepts of the regression line for the regimes were the same, all data were pooled 
together and a simplified model fit to the data and the average change in temperature determined 
using SAS JMP 10 software.  Variability in rainfall was determined from the coefficient of 
variation (CV) calculated as the ratio of standard deviation to the mean and expressed as a 
percentage.  The mean was calculated using rainfall data for the last three decades (1981-2010) 
according the World Meteorological Organization (Ted 2011) for comparing climate.  The 
difference in mean rainfall for the last three decades (1981-2010) and previous decades (1950-
1980) was investigated using independent samples t-test.  Water balance was calculated as the 
sum of inflows (rainfall and river inflows) minus the sum of outflows (evaporation and river 
discharge). Lake Wamala is in the Lake Victoria basin, and therefore, interaction between 
ground water and surface water and its influence on other water fluxes was assumed insignificant 
(Krishnamurthy and Ibrahim 1973).  The relationship between annual rainfall and lake depth was 
determined using Pearson Product-Moment Correlation Analysis. 
 
3.5.2  Fish catches and biological characteristics 
Changes in the fishery were determined from catch statistics by averaging the contribution of the 
African catfish relative to other fish species.  Population structure was determined by grouping 
fish in size classes of 10 cm TL intervals and by calculating the proportion of fish in the different 
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size classes.  The mean length for the period 1999/2000 and 2012/2013 were determined and the 
difference in mean length for the 12 year period was investigated using independent samples t-
test.  Size at 50% maturity was determined as length at which 50% of the fish were above stage 
IV of gonadal development and the length was estimated by fitting length frequency data of 
mature individuals to a logistic regression curve using the least square method (Sparre and 
Vanema 1998).  Sex ratios were determined as proportions of males to females.  Chi-square test 
was used to test for deviation in sex ratios from the expected 1:1 ratio.  Absolute fecundity was 
determined from the total number of eggs in both ovaries.  The difference in mean fecundity 
between the seasons (wet and dry) was determined using an independent samples t-test.  The 
relationships between fecundity and total length, total weight and gonad weight were determined 
using simple linear regression analyses.  The relative importance of the food items were 
determined by multiplying the percentage contribution with the stomach fullness index according 
to Hynes (1950).  Relative condition factor was calculated using the formula:  
     Kn = W/aLb (LeCren 1951); 
Where W is observed individual fish weight, L is observed individual fish total length, a and b 
are intercept and slopes of the regression obtained from the overall length-weight relationship 
(W=aLb) derived by pooling data for all sites and years of sampling.  
  
The relationships between catches, mean length, length at 50% maturity, relative condition factor 
and hydrological variables were compared using Pearson product-moment correlation analysis.  
Preliminary analyses were performed to avoid violation of assumptions of normality, linearity 
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and homoscedasticity.  Absolute fecundity, diameter of oocytes, diet, for which there were no 
historical data were compared with information from literature. 
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CHAPTER FOUR 
4.0  RESULTS 
 
4.1 Changes in temperature, rainfall and water levels 
 
4.1.1  Temperature 
Air temperatures around Lake Wamala varied between 15 to 31°C characterized by seasonal 
variations with January-March being the hottest (mean ≥ 22.6 ± 0.17°C) and June- August as the 
coldest (mean ≤ 21.9 ± 0.1°C) period.  The mean minimum and maximum temperature were 
16.0±0.55ºC and 28.3±0.46ºC, respectively and the average temperature was 22.1±0.32ºC. There 
was a higher decadal variation of temperature after 1970 (C.V=1.8%) than before (C.V=1.6%).  
There were three regimes in average temperature (1950-1959, 1960-1979 and 1980-2012; Figure 
4-1).  The average change in temperature was not significantly different among the regimes 
(F=30.19, p>0.05).  
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 Figure 4- 1: Decadal variations in ambient average temperature around Lake Wamala 1950 – 
2012. (Data from Uganda National Meteorological Authority, Ministry of Water and 
Environment). 
 
Time series analysis showed a linear increase in minimum (R2 = 0.145), maximum (R2 = 0.094) 
and average (R2 = 0.199) temperature since 1980.  However, only minimum temperature 
(0.02ºCyear-1, p < 0.05) and average temperature (0.018ºCyear-1, p < 0.05) showed significant 
warming (Figure 4-2). 
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 Figure 4- 2: The trend in annual ambient temperatures around Lake Wamala, 1980-2012, (Data 
from Uganda National Meteorological Authority, Ministry of Water and Environment). 
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4.1.2  Rainfall 
The mean annual rainfall in the Lake Wamala region was 1100 ± 275 mm for the period 1950-
2012.  There was a significant linear increase in rainfall (R2 =0.295, d.f = 62, p < 0.001) since 
1950 with an overall variability of 25.6% but most of the increase occurred between 1981 and 
2012 (µ =1200, σ=204 mm) than before (µ =980, σ=308 mm), t (61) = 3.265, p < 0.05.  The 
variations in total mean annual rainfall showed a regular pattern up to 1980, after which average 
rainfall (1193±203 mm) was significantly higher (t =3.265, p=0.002, Figure 4-3) 
 
Figure 4- 3: Trend in annual rainfall around Lake Wamala, 1950-2012. The year 1980 was taken 
as the reference point according to the World Meteorological Organization (Ted, 2011) (Data 
from Uganda National Meteorological Authority, Ministry of Water and Environment) 
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4.1.3  Lake depth and water levels 
The mean lake depth was above 4m during the years when rainfall was above average (1180 
mm) except for the period 2011-2013.  There was a positive significant correlation between 
rainfall and average lake depth but only up to 2000 (r =0.83, n= 6, p<0.05). After, 2000, lake 
depth declined despite rainfall being above average for most of the years (Figure 4-4).  The 
changes in lake levels were also reflected in satellite images (UNEP, 2009) which showed that 
the lake shrunk to about one half its area between 1984 and 1995 and then increased between 
1999 and 2008 but had not fully regained its original level (Figure 4-5) with the water gauges 
that used to be in the lake still on land by 2014 (Figure 4-6). This is a consequence of increased 
evaporation associated with increases in temperature. 
 
Figure 4- 4: Changes in depth of Lake Wamala with total annual rainfall between 1950 and 2012, 
(Data on rainfall from Uganda National Meteorological Authority, Ministry of Water and 
Environment while that on lake depth from NaFIRRI) 
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Figure 4- 5: Changes in area of Lake Wamala between 1984 and 2008, (Source: UNEP 2009). 
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 Figure 4- 6: The water gauges that used to be in water were still on land by 2014 despite increase 
in rainfall 
 
4.1.4  Water balance 
Rainfall and evaporation associated with increases in temperature appeared to be the most 
important factors in the water budget of Lake Wamala (Table 4-1).  The total losses were higher 
than gains from inflow.  Rainfall contributed 79.5% of the total water input into Lake Wamala 
with the remaining from the catchment inflows. However, more water was lost through 
evaporation which accounted for 86.2 % of the total losses hence a negative water balance.  The 
high evaporation rate reduced the gains from increased rainfall after 1980. 
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Table 4- 1: Water budget of Lake Wamala, 2011-2013 (Data from Uganda National 
Meteorological Authority, Ministry of Water and Environment). 
 
  Flow (x10-14 m3s-1) Volume (x10-15 km3 yr-1) % 
Gains Rainfall 4.29 1.37 79.5 
Inflow from catchment 1.10 0.35 20.5 
Total 5.39 1.72  
Losses Lake Evaporation 4.82 1.52 86.7 
River Kibimba 0.77 0.24 13.3 
Total 5.59 1.78  
Storage  -2.04 -0.06  
 
 
4.2  Catches and biological characteristics of the African catfish 
 
4.2.1  Changes in the composition and relative abundance of fish with lake depth 
The percentage contribution of the African catfish in commercial catches increased from 5% in 
1975 to 25% in 1995 despite a decrease in lake depth from 4.5 to 1.5 m (Figure 4-7). Similarly, 
African catfish increased to contribute 85% in total landed commercial catches between 2000 
and 2013, despite the continued decrease in lake from 4.5 to 3.8 m. A similar trend was exhibited 
in experimental catches with the percentage contribution of African catfish increasing from 17% 
to 73% over the same period (Figure 4-8). However, as fish catches increased, the fishing effort 
increased from 250 boats each with 5 gill nets of 5 inches (127mm) or 50 hooks in 1960 to over 
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650 boats each with 25 gill nets of 5 inches (127mm) or 300 hooks by 2013 targeting the African 
catfish. 
 
 
 
Figure 4- 7: Contribution of the African catfish compared to other fishes in commercial catches 
from Lake Wamala in relation to water depth between 1975 and 2013, (Data from NaFIRRI 
archives and unpublished report and for 2011-2013 from current study). 
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Figure 4- 8: Contribution of the African catfish in experimental catches from Lake Wamala in 
relation to water depth between 1975 and 2013, (Data from NaFIRRI archives and unpublished 
report and for 2011-2013 from current study). 
 
4.2.2  Size structure 
The maximum and minimum sizes of African catfish decreased from 80 cm TL to 70 cm TL and 
21 cm TL to 11 cm TL respectively between 1999/2000 and 2011/2013. The mean length of the 
fish also decreased from 42.05 ± 1.38 cm TL in 1999-2000 to 38.8 ± 0.45 cm TL in 2012/2013. 
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However, the modal total length between two time periods remained unchanged at 31-40 cm TL 
(Figure 8) despite the decrease in lake depth from 4.5 m to 3.8 m (Figure 4-9).  Although the 
mean length for the period 1999-2000 (42.05 ± 1.38) varied significantly from that of 2012-2013 
(38.8 ± 0.45) (t= 2.756, df = 398, p = 0.006) when water levels fluctuated between 4.5 and 3.8 m,  
there were no significant correlation between mean length and water levels (r= 0.468, p>0.05).   
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 Figure 4- 9: Length frequency distribution of the African catfish from experimental catches in 
Lake Wamala over the years, (Data from NaFIRRI unpublished statistics (1999-2000) and 
current study). 
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4.2.3  Size at 50% maturity 
The size at first maturity decreased from 37.5 in females and 39.5 cm TL in males during 
1999/2000 to 30 cm TL and 34.2 cm TL for females and males respectively during 2012/2013 
(Figure 4-10).  
 
The sizes at 50% maturity of the African catfish did not vary much with changes in water levels.  
The size at first maturity was 37.5 cm TL by 1999 following the El-Nino of 1997/98 and 
remained the same throughout 2000 despite the decrease in water levels that folllowed the 2004 
drought. Following the sharp decline in water levels by 2012, size at 50% maturity slightly 
decreased to 33.5 cm in 2013. 
 
Compared to other lakes in Uganda, the overall size at 50% maturity of the African catfish was 
within the ranges recorded in other lakes in Uganda. Maturity in Lake Victoria in 2005 was 44 
cm TL while in the Kyoga complex, maturity was observed at 30 cm TL (Kwania), 38 cm TL 
(Nakuwa) and 32 cm TL (Bisina) by 2008.  In Lake Kawi, the size at 50% maturity of the 
species was 27.5 cm TL in 2011, it increased to 28 cm TL in 2012 and by 2013, and size at 50% 
maturity had increased to 29.5 cm TL as rainfall was >1200 mm (Table 2-1). 
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Figure 4- 10: Size at 50% maturity of the African catfish from Lake Wamala for the period 1999-
2013, (Data from NaFIRRI unpublished statistics (1999-2000) and current study). 
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4.2.4  Sex ratios 
There were significantly more females than males over the years in Lake Wamala.  The ratios of 
males to females (M: F) in 1999/2000 was 1:1.26 when lake depth was 4.5 m and that for the 
period 2012/2013 was 1:1.24 when the lake depth was estimated at 3.8 m.  The sex ratios were 
not significantly different from the expected 1:1 ratio (X2=0.03, p=0.956) for the different 
hydrological regimes.  The sex ratios were again comparable to those recorded in other lakes in 
Uganda (Table 2-1). 
 
 
4.2.5  Fecundity 
There was a significant curvilinear relationship between fecundity and total length (R2= 0.45, 
p<0.001, Figure 4-11a) and weight (R2= 0.67, p< 0.001, Figure 4-11b) and a significant linear 
relationship with gonad weight (R2= 0.95, p<0.001, Figure 4-11c).  Absolute fecundity in ripe 
ovaries ranged from 5,100 to 126,000 in females of 32 to 58.5 cm TL, weighing 202 g to 1,460 
g. The mean fecundity of the African catfish was 19,200 ± 3,200 and the diameter of oocytes 
ranged from 0.25 to 1.75 mm with a mean of 1.24 ± 0.008 mm (Figure 4-12).  Fecundity was 
significantly higher by 6,500 eggs/female during the wet season compared to the dry season 
(t=0.909, p = 0.0372, Table 4-2). 
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 Figure 4- 11: Relationships between fecundity and total length (a), fecundity and total weight (b) 
and fecundity and ovary weight (c) of the African catfish from Lake Wamala during 2012-2013. 
 
 
 
 
 
 
 
 
Figure 4- 12: Diameter of ripe oocytes of the African catfish as observed on the stage micrometer 
(Wild Heerbrugg M3B stereomicroscope Type S) 
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Table 4- 2: The mean fecundity, total length and weight of the African catfish from Lake 
Wamala during dry and wet seasons between 2011 and 2013 
Parameters Sample size Fecundity Total length (cm) Weight (g) 
Dry season 29 14,486 ± 1668 34 - 58.5 294 - 1460 
Wet season 41 20,963 ± 4335 32 - 54.0 202 - 1184 
 
4.2.6  Food and feeding 
The African catfish was omnivorous and ingested variety of items ranging from fish, insects and 
plant material.  The most important items encountered in the guts were chironomid larvae, fish, 
odonata nymphs and detritus (Figure 4-13).  There were some seasonal variations in the 
materials ingested with fish (haplochromines), chironomid larvae and odonata nymphs mainly 
ingested during the dry season and chironomids, coleopterans and detritus ingested during the 
wet season.   
A comparison with food and feeding of the African catfish in major Ugandan lakes (Victoria, 
Albert, Kyoga complex, Edward and George) and minor lakes for the period 1998 to 2013 
(NaFIRRI unpublished data) showed that the catfish has remained omnivorous feeding on 
povilla, chironomids, oligocheates, odonata, caridina, mollusks, detritus and fish. 
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 Figure 4- 13: Seasonal changes in food ingested by the African catfish during 2012-2013. 
(Quarters denote; 1-Short dry season, 2-Long wet season, 3-Long dry season, 4-Short wet 
season). HAP= Haplochromines, ODT= Odonata Nymphs, POV= Povilla, CHIR= Chironomid 
Larvae, CHAO= Chaoborid Larvae, OSTRA= Ostracods, COLEOP= Coleopterans, IR= Insect 
Remains, MOLL= Mollusks, DETRIT= Detritus, HPM= Higher Plant Material 
 
 
4.2.7  Length weight relationship and condition factor 
There was a significant relationship between length and weight for the pooled the data for both 
sexes in the respective years (R2 = 0.96, p<0.0001, Table 4-3).  The species exhibited negative 
allometric growth (b<3) in 1999/2000 and positive allometric growth (b>3) in 2012/2013 when 
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water levels declined from 4.5 m to 3.7 m.  The growth coefficient for the period 1999-2000 
(b=2.67) varied significantly from that of 2012-2013 (b=3.11) (t= 17.7, df = 619, p< 0.0001) as 
water levels fluctuated from 4.5 m to 3.8 m over the same period.  
The mean fish condition for the period 1999-2000 ranged from 0.79 - 1.65 and that for 
the period  2012-2013  ranged from 0.91-1.73 but did not vary significantly over the 12 year  
period (t= 0.995, df = 619, p = 0.32; Table 3). There was a very weak negative correlation 
between relative condition and water levels (r= -0.017, P > 0.05). 
 
When data from lakes Victoria, Kwania, Kawi, Bisina and Kimira were used, the African catfish 
exhibited positive allometric growth (b>3) and negative allometric (b<3) growth in lakes Albert, 
Kyoga and Nakuwa.  The relative condition factors in lakes Victoria, Kwania, Kawi, Bisina and 
Kimira were 1.08±0.07, 1.00 ±0.1, 1.02 ±0.05, 0.99 ± 0.01 and 1.01±0.09 respectively which 
were similar to the values recorded in Lake Wamala (NaFIRRI unpublished data) 
 
 
 
Table 4- 3: The relationship between water levels, length weight regressions (W=aLb), relative 
condition factor of the African catfish from Lake Wamala during 1999/2000 and 2012/2013, 
b=slope of regression, and log10a=intercept of regression 
Period Water levels Rel. condition Log10a b R2 p-value 
1999/2000 4.5 1.03±0.014 -2.3279 2.6793 0.964 <0.0001 
2012/2013 3.8 1.01±0.006 -1.5751 3.1128 0.949 <0.001 
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4.2.8  Changes in the catches with rainfall and lake depth 
The catches of the African catfish increased from 540 tons (7.7%) in 1967 to 880 tons (81%) in 
2013. The catches persistently fluctuated between 250 tons and 500 tons from 1967 to 1988 as 
average rainfall oscillated between 1370 mm during the 1960s and  980 mm in the 1980s (Figure 
4-14) and lake depth from 4.5 m to 1.7 m (Figure 4-15).  By comparison, the overall fish catches 
from the lake decreased but that of the African catfish has persisted and increased contributing 
over 80% of the catches by 2013.  
 
Figure 4- 14: Changes in fish catches in Lake Wamala, 1960-2012 in relation to rainfall, (Data 
on rainfall from Uganda National Meteorological Authority, Ministry of Water and Environment 
while fisheries data from NaFIRRI archives and from current study while that on lake depth from 
NaFIRRI), (Others include; Nile tilapia, the Lungfish, O. leucostictus, T. zillii). 
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Figure 4- 15: Changes in fish catches in Lake Wamala, 1960-2012 in relation to mean lake depth 
(Data on fisheries and that on lake depth from NaFIRRI), (Others include; Nile tilapia, the 
Lungfish, O. leucostictus, T. zillii). 
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CHAPTER FIVE 
5.0  DISCUSSIONS  
 
5.1  Relationship between rainfall and water levels, and the implication of increasing 
temperature on water balance 
This study demonstrated that ambient temperatures around Lake Wamala had increased and 
annual rainfall had fluctuated.  The increases in average temperatures around the lake were 
within the range of global annual average of 0.03ºC (IPCC 2013), those across the tropics of 
0.02°C (Lewis et al. 2004), and those for the East African region 0.05°C over the last three 
decades of the 20thcentury (Case 2006).  The study also demonstrated that there were fluctuations 
in water levels associated with changes in rainfall.  The rainfall around the lake also oscillated in 
line with regional trends.  These shifts in precipitation and a consequent change in the timing of 
peak rainfall and river flows; and changes in flood and drought frequency and intensity are in 
line with predictions for the region (Kundzewicz 2008).  The predicted increase in rainfall is 
expected to increase habitable space for the African catfish, food and reduced competition hence 
favoring persistence.  Satellite images of Lake Wamala (UNEP 2009), show that the lake has 
shrunk and increased over time.  Although Goulden (2006) reported that the changes in water 
level were explained by precipitation, water balance appears not to be controlled by precipitation 
alone. Most of the waters in the great lakes of East Africa comes from precipitation, and 
similarly, much more is lost through evaporation (Bootsma and Hecky 2003). The increase in 
temperatures around the lake seems to have increased evaporation making the lake fail to regain 
its historical water levels despite the increases in rainfall and leading to recession of lake level 
during dry years.  Sewagudde (2009) made similar observations for Lake Victoria. However, 
Lake Victoria may not manifest rapid changes in water level due to its area (68,800 km2) to 
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volume ratio compared to Wamala.  Therefore, the rapid recession of Wamala could be attributed 
to its area to volume ratio, inability to buffer the outflows with increased temperature as rainfall 
fluctuates in a normal pattern.  Small and shallow lakes appear to be more sensitive to 
hydrological and catchment changes which might have implication on their fisheries. 
 
5.2  Changes in relative abundance and biological characteristics of the African catfish  
This study investigated the capacity of the African catfish to persist under the conditions created 
by increasing variability and change in climate using Lake Wamala as a case study while making 
comparisons with other inland aquatic systems.   It was predicted that given resilience of the 
African catfish, its population and life history characteristics would not be negatively affected by 
the conditions created by the increasing variability and change in climate.  Consequently, the 
African catfish would persist and form future fisheries which would need to be sustainably 
managed under the conditions created by the increasing variability and change in climate. 
 
The increase in relative abundance of African catfish when other species like Nile tilapia 
decreased due to declining lake water levels declined is the first manifestation of the species to 
withstand changing climatic conditions.  The fish has the ability to colonize new habitats created 
by the drying conditions.  In Lake Chilwa for instance, when the lake dries up, the African 
catfish is the last specie to disappear and recovers first after favourable conditions (Njaya et al. 
2011).  Because of its ability to colonize new habitats, the same fish reappears faster than others. 
The African catfish is known for its wide ecological and physical tolerance to extreme 
environmental conditions (Greenwood 1966; Skeleton 2001; Offem et al. 2010; Njaya et al. 
2011).  When the lake recedes, the remnant population can survive in adjacent wetland and 
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effluent rivers in (Njaya et al. 2011).  Hydrological regimes have been reported to favor native 
fish species during ecosystem disturbances and invasions especially when the non-native species 
is ecologically different from the native fish species (Eby et al. 2003; Lytle and Poff 2004; 
Altman and Whitlatch 2007).  This could explain the increased dominance of the African catfish 
since it’s ecologically different from the introduced tilapias amidst stressful environmental 
conditions.  Lake Wamala is surrounded by an extensive wetland and has five rivers that flow 
into it (Figure 3-1). As the open water shrunk, the African catfish could now be utilizing the 
wetlands and inflowing rivers. This is in line with observations of Poff et al. (2002) who reported 
that the ability of a species to “move across landscapes” and the existence of dispersal corridors 
favor its persistence.  This can also be inferred by the higher relative abundance of the African 
catfish at inshore stations fringed with wetlands than offshore station (Appendix 14).  The 
species can also gulp air directly using accessory breathing organ, and possibly be able to survive 
low dissolved oxygen with increasing temperature (Safriel and Bruton 1984; Van der Waal 
1998). 
 
Population structure 
The population structure of African catfish in Lake Wamala remained unchanged between 
1999/2000 and 2012/2013 amidst decrease in lake depth from 4.5 to 3.8 m. Fishing has been 
reported to affect size distribution of fishes as fishers typically target the large sized individuals 
hence steepening size spectra (Wilson et al. 2010).  However, in this study, data for population 
structure was exclusively based on experimental fishing.  This implies the African catfish is less 
affected by changes in lake water levels, although the maximum size decreased (Figure 4-9) 
unlike the Nile tilapia (Natugonza et al. in press).  
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 Sex ratios and size at 50% maturity  
Information on sex composition is useful in determining reproductive potentials and estimating 
size structure of a given stock if management is to rely on this aspect of the reproductive biology.  
Nwosu (2013) reported that fishing pressure influences the sex ratio, in an ecosystem to become 
strongly skewed towards females.  Dominance by females is reported to be advantageous for the 
stock dynamics, especially if the males could mate with more than one female during any 
reproductive season (Nwosu 2013).   
 
Wilson et al. (2010) reported that increased fishing effort has a profound effect on the size 
distribution of fishes as larger sized individuals are fished out hence steepening size spectra.  
This could explain the reduction in maximum size and size at 50% maturity of the African 
catfish over the years. Size-selective fishing affects species with different life history traits in 
different ways since species with late maturity and slow growth to a larger size are typically the 
target species for the majority of fisheries, the species composition of fish communities is 
expected to change.  Fishing appears to have interacted with the influence of climate factors to 
affect the size at maturity.  The range in size at 50% maturity of the African catfish in Lake 
Wamala is comparable to that of 29.0 - 37.5 cm TL exhibited by the same species in aquatic 
systems in Africa (Willoughby and Tweddle 1978; Kolding et al. 1992; Baijot and Moreau 1997; 
Bukhulo 2011) and in Uganda’s major and minor lake of 21-44 cm TL (Lungayia 1990; 
NaFIRRI unpublished data) suggesting that the type of changes recorded in Wamala due to 
climate factors might have limited influence on maturity.  In this study, female African catfish 
attained maturity at a smaller size compared to the males. This could be attributed to allocation 
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of more resources to reproduction (ovary development) or sexual selection which favors larger 
males (Willoughby and Tweddle 1978).  However, in other populations of the African catfish, 
both sexes have been reported to mature at the same size (Bruton, 1979b) although males 
continue to grow to larger sizes after maturity.  Beverton (1992) reported that at high 
temperatures, size or age at maturation will decrease if life history of the fish shifts towards 
smaller individual.  In this study, however, the size structure has persisted but size at maturity 
has slightly changed suggesting that other factors like fishing might be important. 
  
Fecundity and size of eggs 
Reproductive success is a whole complex of reproductive traits and strategies which individuals 
use to maximize reproductive outputs (Wootton 1984). These include reducing generation time-
breeding at younger age (size at first maturity), age specific fecundity, size of gametes and 
timing of reproductive seasons, increasing number of offspring (Ito 1980; Wootton 1984; Witte 
1987).  This study shows that the absolute fecundity of the African catfish has remained within 
the range reported in literature although the sizes of the eggs have decreased.  In a dynamic 
environment like Lake Wamala, high fecundity, reduced size of eggs and breeding upstream 
amidst climate stress and increasing fishing effort could be a reproductive strategy to maximize 
survival or reproductive success.  The reduction in size of the oocytes could be a response to 
mainly fishing as fishers tend to target only mature individuals from the population.   
 
There were no historical data for inter annual comparison but seasonal comparisons show that 
fecundity was higher in the wet season.  However, Merron (1993) observed spawning in the 
African catfish to be synchronized with the beginning of the rainy season associated with 
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opening up more breeding grounds.  This is because the onset of rainfall triggers spawning and 
enhances nutrient influx and consequently increased food production for young fish (Harding 
1966; Van der Waal 1974; Willoughby and Tweddle, 1978; Welcomme 1979; Wudineh 1998; 
Dadebo 2000).  However, mature, ripe and spawning fish were observed throughout the study 
period suggesting that the African catfish spawns throughout the year with peak breeding during 
the wet season.  This concurs with observations made by Bruton (1979) in Lake Sibaya, South 
Africa and by Willoughby and Tweddle (1978) in the River Shire, Malawi.   
 
Absolute fecundity of up to 126,000 eggs reported in this study was in agreement with those 
reported in literature (Rinne and Wanjala 1983; Mbabazi et al. 2000).  A number of factors 
including spawning and environmental conditions (Begenal and Braum 1978; Treasurer 1981; 
Barbin and McCleave 1997) are expected to cause variability in fecundity with both length and 
weight.  However, this was not the case for the African catfish in Lake Wamala.  It could be 
attributed to morphometric characteristics such as egg size and fat content prior to gonad 
development.  The diameter of ripe eggs in this study was below the 2.0 mm reported by 
Greenwood (1966).  In this study, females matured early hence the smaller sized eggs could be 
attributed to early maturity and reduced maximum size during the 2012/2013 period caused by 
the influence of a combination of  climate stress and increased fishing effort.  Despite the small 
size of the eggs, larvae of the African catfish once hatched, are remarkably hardy and can 
withstand conditions created by the changing climate since they are able to breathe atmospheric 
oxygen as a strategy to maximize reproductive success and survival (Greenwood 1966).  This  
reportedly starts 14 days post hatching during which they might die although it is the high 
fecundity that compensates for survival with <2% post hatching mortality.  This study therefore 
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provides important baseline information for future validation on how fish might respond to the 
anticipated variability and change in climate. 
 
Food and feeding 
Climate variability and changes is expected to alter interactions of organisms within ecosystems 
which would in turn influence abundance and timing of food items (Barange and Perry 2009).  
However, no major diets shifts were observed in this study.  The African catfish is known to be 
an omnivore, ingesting whatever kinds of food items available in its habitat including 
chironomids, chaoborids, odonata, fish and detritus (Corbet 1961; Greenwood 1966; Mwebaza-
Ndawula 1984; Lowe- McConnell 1987; NaFIRRI unpublished data).  Therefore, changes in 
prey abundance and diet shifts associated with changes in climate and hydrological parameters 
are not expected to influence the food of the catfish.  Observations from this study are consistent 
with what has been reported in literature and feeding strategies of the African catfish permitted 
exploitation of all food niches in Lake Wamala as it switched between the available prey items. 
The African catfish exploited organisms living in or near the substratum (e.g. chironomids, 
odonata nymphs and ostracods), mid water organisms (e.g. fish) and organisms at the air-water 
interface (e.g. white ants).  The increased diet breadth in the wet season could be attributed to 
niche breadth of the species and increased availability of allochthonous material from runoff.  
The ability of the Africa catfish to switch its diet between the available prey items has favored its 
persistence in Lake Wamala as the lake experiences changes in its habitat space, nutrient influx 
and productivity processes. 
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Length-weight relationship and condition factor 
Length–weight relationships and condition factor are normally used to assess the physiological 
well-being of fishes and a follow-up on the feeding behavior as a means of evaluating habitat 
quality (Abowei et al. 2009; Efitre et al. 2009).  In this study, estimates of the length-weight 
regression coefficient suggested an increase in weight of every individual fish to be greater than 
the increase in length during 2012/2013 despite the low lake levels (Table 4-3). This implies the 
African catfish were in good condition and resources are not limiting despite the reduction in 
habitat space.  However, relative condition can vary both within and among populations 
depending on the environmental predictors.  Yalcin et al. (2002) reported variations in condition 
factor with temperature and feeding behavior in relation to water levels.  At low water levels, 
fish condition was poor and improved as the lake levels rose. However this is not valid for the 
African catfish in Lake Wamala.  The relative condition factor of the African catfish has 
persistently remained the same (Table 1) amidst decrease in lake water levels.  The African 
catfish change resource investment for instance into reproduction during environmental stress 
and intensifies its feeding habit when conditions are good (Abowei et al. 2009).  Similar 
observations have been made in different parts of Africa (Willoughby and Tweddle 1978; Bruton 
1979).  The results showed that populations of the African catfish were in good condition during 
periods of precipitation suggesting that it is an important driver for nutrient influxes and 
consequently food availability. Relative fish condition can vary both within and among 
populations depending on the environmental conditions.   However, the relative condition factor 
of the African catfish has persistently remained the same in Lake Wamala amidst decrease in 
water levels.  Similar observations have been made in different parts of Africa as the species is 
known to withstand extreme environmental conditions (Greenwood 1966; Willoughby and 
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Tweddle 1978; Bruton 1979; Clay 1979: Witte and Van Densen 1995; Skelton 2001; Offem et al. 
2010).  This is more evidence that climate variability and change didn’t have much effects and 
impact on the African catfish.  
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CHAPTER SIX 
6.0  CONCLUSIONS AND RECOMMENDATIONS 
 
6.1  CONCLUSIONS  
The study demonstrated that the increasing variability and change in climate affects hydrology 
and water balance of shallow lakes which may interact with other factors such as fishing effort to 
change catches and shift biological characteristics of fishes.  The analyses indicate that 
temperatures have increased in line with global predictions. Precipitation increased albeit 
unpredictably contributing to the fluctuations in lake depth and area.  It is likely that increased 
temperature accelerated evaporation which has not been compensated for by increased 
precipitation hence the lake has also not regained its historical water levels and depth due to 
warming which increased water loss through evaporation from the lake.  The negative water 
balance implies that relatively increased warming is likely to have negative impact on water 
levels, aquatic productivity, fisheries and livelihoods of communities around the lake.   
 
This study suggests that the African catfish dominated the fishery of Lake Wamala seemingly 
related to the capacity of the fish to withstand the conditions created by the changing climate.  
The African catfish has persisted and become dominant under the different environmental 
conditions.  Lake Wamala is surrounded by wetlands therefore as climate variability and change 
cause shrinkage of open-waters, the African catfish can persist in the surrounding wetlands as 
they can tolerate low oxygen conditions such as those in wetlands and re-establish in the lake 
quickly when conditions improve.  The African catfish is omnivorous and is less likely to be 
affected by changes in food webs giving it a competitive advantage over other fish species and 
hence its persistence.  The African catfish has adjusted only its major reproductive biological 
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characteristics implying that the reproductive potential of the African catfish has not been 
affected by changes in climate and hydrological parameters.  All the fish species in lakes 
Wamala that have undergone episodes of drying and filling are well adapted to the highly 
variable conditions of these lakes.  This study indicates that the African catfish is able to 
withstand stress, bouncing back after drying periods when they take refuge in the wetlands and 
therefore it is resilient. 
 
6.2  RECOMMENDATIONS 
Though it is evident that the African catfish has persisted in Lake Wamala in the face of 
increasing variability and change in climate, other factors such over-exploitation of the species 
could reduce its ability to persist over time hence management measures should focus on 
sustainable exploitation of the species. 
 
The present study provides a framework for future and more focused investigation.  There is 
need to identify and determine characteristics of such fishes under the changing climate and 
develop management plans for them to sustain fish production.  Reducing fishing locally protects 
exploited species and, might encourage recovery following any more disturbances but will not 
necessarily protect the large scale impacts of climate variability and change since the influences 
including reduction in lake area are much wider and larger than fishing alone.  Effective 
conservation of Lake Wamala will require a combination of management policies rather than 
focusing only on reducing fishing effort.  
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Maintaining critical spawning biomass and size structure rather than only reducing fishing effort 
should be considered and implemented since the size at 50% maturity falls within the modal size 
(size of harvestable stock), gillnets of 4 inches and hooks of No.7 would capture 100% mature 
individuals only.   
 
Wetlands perform critical functions including serving as refugia and breeding sites. Clearing of 
these wetlands and riparian ecosystems would increase siltation thereby threatening 
sustainability of the fishery.  The wetlands should be protected and recommended buffer zones 
created as required by the Wetland Policy of 1995.   
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Appendix 1: Biometric data sheet for fish studies 
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Appendix 2: Data sheet analysis for determining fish fecundity 
Form B         Sheet No:…… 
Lake:……………………..Date:……………….Spp:………………………………..S/N:……... 
TL (cm):………………….. Wt(g):………………….Gon. State:……………. 
 Ovary 1 Ovary 2 Total 
Weight of Ovary (g)    
Weight of sample (g)    
Number of oocytes in sample    
Calculated number of oocytes    
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Appendix 3: Data sheet analysis for fish feeding 
 
Form C        Sheet No:……. 
Lake:.............................Date:.......................Spp:...................................S/N:.............TL(cm):.......... 
SL(cm):................Wt(g):.................Sex:.............Gon. State:............Storm. Ful.:..............   
Binocular microscope No: % Compound microscope No: % 
 
 
 
 
 
     
 
Appendix 4: Decadal average air temperature (°C) from Mubende station around Lake Wamala 
data for the period 1950-2012 
 1950-59 1960-69 1970-79 1980-89 1990-99 2000-12 
22.2625 22.85474 23.14914 22.2125 22.1125 21.40174 
22.09167 23.05208 22.87754 22.0875 22.19583 21.85292 
22.30417 22.71322 23.21608 22.4 22.20833 22.24871 
22.5749 22.47124 23.32757 22.51667 22.30417 22.24217 
22.16756 22.36813 23.07626 22.26307 22.31326 22.18275 
22.01014 23.15803 23.17203 21.74583 22.1902 22.70417 
21.51722 22.92096 23.05647 21.7875 21.90849 22.32273 
21.37377 23.0884 21.76011 21.475 21.85923 22.47926 
21.89954 22.94461 21.70417 21.82734 22.02537 22.21777 
21.7032 23.5999 21.85 21.81589 21.56863 22.55833 
     22.86364 
     22.67386 
     22.81667 
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Appendix 5: Air temperature (°C) recorded from Mubende station around Wamala, data for the 
period 1980-2012 
Year Minimum Maximum Average 
1980 16.1 28.3 22.2 
1981 15.8 28.2 22.0 
1982 16.2 28.5 22.4 
1983 16.4 28.5 22.5 
1984 15.9 28.5 22.2 
1985 15.5 27.9 21.7 
1986 15.3 28.2 21.7 
1987 15.6 27.2 21.4 
1988 15.8 27.8 21.8 
1989 15.8 27.8 21.8 
1990 16.4 27.8 22.1 
1991 16.3 28.0 22.1 
1992 15.5 28.8 22.2 
1993 15.8 28.7 22.3 
1994 16.2 28.3 22.3 
1995 15.7 28.5 22.1 
1996 15.8 28.0 21.9 
1997 15.3 28.3 21.8 
1998 15.8 28.2 22.0 
1999 15.3 27.7 21.6 
2000 15.5 27.7 21.7 
2001 15.8 27.8 21.8 
2002 15.8 28.6 22.2 
2003 16.0 28.4 22.2 
2004 15.8 28.5 22.1 
2005 16.0 29.3 22.7 
2006 16.2 28.5 22.3 
2007 16.3 28.5 22.4 
2008 15.9 28.4 22.2 
2009 17.8 28.0 22.5 
2010 16.6 29.0 22.8 
2011 16.1 29.1 22.6 
2012 17.6 28.5 22.8 
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Appendix 6: Rainfall (mm) received on Mubende station around Lake Wamala, 1950-2012 
Year Total rainfall (mm) Year Total rainfall (mm) 
1950 887.5 1982 1086.3 
1951 818.7 1983 958.2 
1952 462.8 1984 1020.7 
1953 457.2 1985 945.6 
1954 480 1986 947.7 
1955 767.9 1987 989.4 
1956 766 1988 1542.3 
1957 803.6 1989 1316.2 
1958 846 1990 1276.7 
1959 610.5 1991 988.7 
1960 772.4 1992 1040.3 
1961 1364.5 1993 1016 
1962 1287.2 1994 1205.8 
1963 1626.3 1995 1249.6 
1964 1443.7 1996 1200.9 
1965 1113.5 1997 1711.6 
1966 1114.6 1998 1433.1 
1967 1103.4 1999 1166.4 
1968 1163 2000 1294.4 
1969 1070.3 2001 1416 
1970 982.3 2002 1354.6 
1971 1053.7 2003 1460.3 
1972 821.5 2004 1087.8 
1973 891.5 2005 969.41 
1974 816.7 2006 1230.5 
1975 956.5 2007 1187.2 
1976 1169.8 2008 1039.9 
1977 1592 2009 1335 
1978 1366.9 2010 1326.9 
1979 914.5 2011 1294.5 
1980 1056.4 2012 1411.7 
1981 833.2 2013 
2014 
-- 
-- 
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Appendix 7: The mean depth (m) of Lake Wamala 1970-2013 
Year Lake depth(m) 
1970 4.3 
1975 4.0 
1978 4.5 
1988 1.7 
1995 1.5 
1998 4.5 
1999 3.9 
2000 3.8 
2011 3.0 
2012 3.4 
2013 3.8 
2014 3.8 
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Appendix 8: Relative contribution of different fish taxa to experimental catches in Lake Wamala, 
1975-2013 
 
Year/species Nile tilapia O. leucostictus African catfish Lungfish Haplos Others
1975 45.65 1.95 26 25.95 - 0.5 
1976 62.45 2.9 13.65 17.55 - 3.45 
1978 56.7 1.2 28.5 13 - 0.5 
1988 44.55 2.35 13.55 38.35 - 0.65 
1990 30.7 0.2 22 46.3 - 0.7 
1991 15.8 1.3 16.7 64.9 - 2.5 
1992 57.4 0.9 17.4 24.2 - 0.1 
1996 34 10.2 13.7 16 25.7 0.4 
1998 21.9 14 43.3 10.7 5.3 4 
1999 37 24.1 17.8 16.4 24.1 0.6 
2000 18.1 1.7 54.9 13.6 11.7 - 
2012 1.03 6.6 33.4 5.9 47.1 4.8 
2013 0.3 1 73.4 17.4 6.4 0.3 
 
Appendix 9: Length frequency distribution of the African catfish in Lake Wamala, 1999/2000 
and 2012/2013  
Size classes 1999/2000 2012/2013 
1-10 0.0 0.0
11-20 0.0 0.7
21-30 12.8 13.1
31-40 50.5 49.7
41-50 18.3 27.2
51-60 11.9 7.6
61-70 1.8 1.7
71-80 0.9 0.0
>80 3.7 0.0
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 Appendix 10: Proportion of the African catfish in stages IV-VII and corresponding fish total 
length, 1999/2000 and 2012/2013 
 2013  2012  2000  1999  
TL (cm) Females Males Females Males Females Males Females Males 
25 0 0 0 0     
26 0 0 0 0     
27 0 0 0 0    0
28 0 0 33 0    0
29 0 0 50 30    30
30 50 0 100 50     
31  0 100 100   0  
32   100 100   0  
33 67  100 100   0 75
34 100 50 100 100   0 100
35 100  100 100 0 0 0 100
36 100    0 0 50 100
37 100    0 0 75  
38 100 75   33. 0   
39 100 100    30 100  
40 100 100   75 50 100  
41     100 100 100  
42     100 100   
43     100 100   
44     100 100   
45     100 100   
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Appendix 11: Absolute fecundity and corresponding total length, total weight and gonad weight 
of the African catfish from Lake Wamala, 2012-2013 
TL (cm) Weight (g) Gonad weight (g) Fecundity ("000) 
51.6 1184 210 125.3 
42 486 24 14.8 
42 592 38 16.5 
36 372 22 11.2 
36 202 18 10.4 
36 254 14 6.5 
32 336 16 6.3 
36 214 12 5.6 
35 304 18 10.8 
35 264 14 5.1 
33 208 18 11.1 
37 384 38 18.2 
44 590 60 38.6 
39 470 34 13.9 
37 416 20 13.2 
40 514 66 34.8 
39 430 34 18.3 
37 376 24 13.3 
41 490 38 31.5 
47 822 82 56.1 
42 464 32 16.3 
40 620 32 11.6 
41 518 16 9.4 
36 376 36 28.5 
44 590 22 12.1 
54 1054 84 36.9 
38 346 30 11.9 
45 678 24 12.2 
34 294 16 6.8 
44 566 30 10.8 
42 604 40 20.4 
38 402 30 14.5 
41.5 542 20 10.3 
42.5 562 22 10.9 
40.5 542 40 18.6 
39.5 396 28 13.1 
45 610 28 18.3 
35.5 306 22 10.1 
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Appendix 12: Percentage contribution of food items ingested by the African catfish during 
different seasons in Lake Wamala, 2012-2013  
Food item/sampling period Qtr 1 Qtr 2 Qtr 3 Qtr 4 
HAP 20.68966 1.086957 38.63275 7.951482 
ODT 31.03448 0 5.405405 15.44474 
POV 0 7.717391 0 3.450135 
CHIR 29.31034 43.6413 26.55008 23.2345 
CHAO 5.862069 3.315217 6.279809 4.90566 
OSTRA 0 11.79348 0 2.587601 
COLEO 0 15.76087 0 14.50135 
IR 0.689655 0.434783 0 1.293801 
MOLL 0 1.847826 3.17965 1.132075 
DETRIT 9.310345 2.5 6.597774 22.04852 
HPM 3.103448 11.90217 13.35453 3.450135 
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Appendix 13: Total annual catches (x1000 t) from Lake Wamala, 1960-2013 
year African 
catfish 
Lungfish Nile 
tilapia 
Others Undiffer Effort(boats) Annual 
rainfall
1960 0 0 0 0 1 2.5 1364.5
1961 0 0 0 0 1  1287.2
1962 0 0 0 0 2  1626.3
1963 0 0 0 0 2  1443.7
1964 0 0 0 0 2  1113.5
1965 0 0 0 0 4.8 4.5 1114.6
1966 0 0 0 0 6.6  1103.4
1967 0.5467 1.2993 4.3807 6.5462 0 10 1446.5
1968 0.3248 0.7952 3.9816 5.2752 0  1070.6
1969 0.4081 0.636 4.1022 4.8919 0  982.3
1970 0.372 0.87 4.38 5.592 0  1053.7
1971 0.2652 0.1664 3.0888 4.4148 0  821.5
1972 0.3567 0.8118 2.7962 3.7433 0  891.5
1973 0.4687 1.2943 2.4682 3.8313 0  816.7
1974 0 0 0 0 0  956.5
1975 0.3591 0.8883 4.851 5.9409 0 7.5 1169.8
1976 0.4988 1.0535 2.7477 3.8872 0  1592
1977 0.1155 0.2959 0.66 0.98996 0  1366.9
1978 0.1908 0.5958 0.999 1.611 0  914.5
1979 0 0 0 0 2  1143.1
1980 0 0 0 0 1  833.2
1981 0 0 0 0 1.8 1.5 1086.3
1982 0 0 0 0 0.5  958.2
1983 0 0 0 0 0.5 1.5 1131.4
1984 0 0 0 0 0.5  945.6
1985 0 0 0 0 0.3 1.5 947.7
1986 0 0 0 0 0.5  989.4
1987 0 0 0 0 0.5 2.5 1642.3
1988 0.052 0.06 0.28 0.348 0  1198.5
1989 0 0 0 0 0  1276.7
1990    0  2.5 988.7
1991    0   1040.3
1992    0   1016
1993    0   1205.8
1994    0   1249.6
1995    0   1200.9
1996    0   1711
1997    0  1.5 1433
1998    0   1166.4
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year African 
catfish 
Lungfish Nile 
tilapia 
Others Undiffer Effort(boats) Annual 
rainfall
1999 0.285 0.228 5.13 5.415 0  1294.4
2000 0.32 0.04 3.56 3.64 0 5 1416
2001    0   1354.6
2002    0   1460.3
2003    0   1087.8
2004    0   969.41
2005    0   1230.5
2006    0   1187.2
2007    0   1039.9
2008    0   1335
2009    0   1468.2
2010    0   1294.5
2011    0   1411.7
2012 0.516 0.3 0.24 0.54 0 6.14  
2013 0.8808 0.18 0.024 0.204 0   
 
 
Appendix 144: Changes in experimental catch composition in Lake Wamala within a year during 
the period 2011 to 2013 (by weight in kg) 
Species Q1 Q2 Q3 Q4 Overall  
Barbus sp 0.01 0.10 0.05 0.01 0.04 
Clarias alluaudi 0.03 - - - 0.01 
Clarias gariepinus 64.95 64.82 60.15 68.13 64.51 
Clarias liocephalus 0.07 0.06 0.15 0.06 0.09 
Ctenopoma murieri 0.01 - - - - 
Haplochromines 14.74 15.65 19.14 16.10 16.41 
Oreochromis leucostictus 2.84 2.42 1.00 4.34 2.65 
Oreochromis niloticus 2.03 2.62 2.78 0.83 2.07 
Protopterus aethiopicus 13.29 11.49 14.96 8.27 12.00 
Tilapia zillii 2.03 2.84 1.77 2.26 2.23 
 
